Melatonin contributes to synchronizing behaviors and physiological functions to daily and seasonal rhythm in fish. However, no coherent vision emerges because the effects vary with the species, sex, age, moment of the year or sexual cycle. And, scarce information is available concerning the melatonin receptors, which is crucial to our understanding of the role melatonin plays. We report here the full length cloning of three different melatonin receptor subtypes in the sea bass Dicentrarchus labrax, belonging, respectively, to the MT1, MT2 and Mel1c subtypes. MT1, the most abundantly expressed, was detected in the central nervous system, retina, and gills. MT2 was detected in the pituitary gland, blood cells and, to a lesser extend, in the optic tectum, diencephalon, liver and retina. Mel1c was mainly expressed in the skin; traces were found in the retina. The cellular sites of MT1 and MT2 expressions were investigated by in situ hybridization in the retina of pigmented and albino fish. The strongest signals were obtained with the MT1 riboprobes. Expression was seen in cells also known to express the enzymes of the melatonin biosynthesis, i.e., in the photoreceptor, inner nuclear and ganglion cell layers. MT1 receptor mRNAs were also abundant in the retinal pigment epithelium. The results are consistent with the idea that melatonin is an autocrine (neural retina) and paracrine (retinal pigment epithelium) regulator of retinal function. The molecular tools provided here will be of valuable interest to further investigate the targets and role of melatonin in nervous and peripheral tissues of fish.
INTRODUCTION 43
Melatonin is one hormonal output of the vertebrates' circadian clocks, which 44 contributes to synchronizing behaviors and neuroendocrine regulations to the daily and 45 annual variations of photoperiod. In fish, melatonin is produced by the retina and pineal 46 organ, two organs with photosensitive and circadian properties (Falcón et al., 2007a) . In 47 most species investigated, the variations in plasma melatonin content result from the 48 rhythmic production by the pineal organ. Early physiological studies indicated that the pineal 49 organ and melatonin contribute to controlling daily and annual behavioral and physiological 50 rhythms (e.g., locomotor activity/rest, food intake, migration, shoaling, skin pigmentation, 51 osmoregulation, smoltification, growth and reproduction; (Falcón et al., 2007b) . However, 52 there is as yet no clear-cut picture on the exact roles the hormone plays in fish because of an 53 apparent inconsistency in the results obtained. This is because most of the studies 54 performed to date report on the effects of pinealectomy and/or melatonin administration, and 55 the responses to these treatments depend on too many factors (for extensive discussion see 
Amplification from different tissues 151
Total RNA from the different tissues tested was extracted as described above, and 1 152 µg was incubated with 1 unit of DNAse I (Roche; Meylan, France) for 20 min at 37°C. DNAse 153 inactivation (10 min at 65°C) was followed by reverse transcription using Powerscript 154
Reverse Transcriptase (Clontech; Mountain View, CA). For each tissue, PCR amplification 155 was performed using a set of specific forward (F) and reverse (R) primers designed from the 156 cloned receptors (table 1), using similar volumes of cDNA obtained from the same 157 retrotranscription reaction. The conditions were : 95°C (1 min), then 10 cycles of 94°C (20 158 sec), 67°C (MT1), 65°C (MT2) or 70°C (Mel1c) (1 min), 68°C (1 min), followed by another 20 159 cycles of 94°C (15 sec), 62°C (MT1), 60°C (MT2) or 65°C (Mel1c) (1 min), 68°C (1 min), and 160 terminated with 7 min at 68°C. In the controls, the template was replaced by either water or 161
RNA. The PCR products were loaded in an agarose gel, in the presence of DNA size 162 markers (DNA/Hinf I marker: Promega; Charbonnières, France). Fragments of the expected 163 size were extracted, sub-cloned in pGEM-T Easy and sequenced as indicated above, to 164 verify that it did correspond to the sequence corresponding to the gene under investigation. 165
All experiments were duplicated using a different set of animals. 166 167
In situ hybridization. 168
In situ hybridization was done on 10 µm cryo-sections mounted on 2% 3-169 aminopropyltriethoxysilane (Sigma; Saint Quentin Fallavier, France) coated slides. Sense 170 and anti-sense digoxigenin-labeled riboprobes probes were made using the kit from Roche 171 (Meylan, France) according to the manufacturer's instructions. The probes were generated 172 using cDNA fragments of, respectively, 480 (MT1: bp 800-1280), and 575 (MT2: bp 1010-173 1585) bp. The hybridization process was as detailed elsewhere (Besseau et al., 2006) . 174
Briefly, the sections were rehydrated and treated with proteinase K (Sigma; 5 µg/ml for 10 min 175 at 37°C). After post-fixation with 4% paraformaldehyde the sections were hybridized overnight 176 at 55°C using a probe concentration of 1 µg/ml in hybridization buffer (50% formamide, 5X 177 SSC, 9.2 mM citric acid, 0.1% Tween 20 ® , 50 µg/ml heparin). The peptide sequence displays 97% (fish) and 76-78% (frogs, birds) identity with peptide 198 sequences of the Mel1c receptor subtype (Fig. 3) . Identity with other melatonin receptor 199 amino acid sequences is 70% or below (table 2) . 200
The three deduced amino acid sequences displayed the 7 TM motifs profile as well as 201 amino acid known to be crucial for the function of the receptors in mammals (see discussion). 202
The phylogenetic tree built after a comparative analysis of sequences further confirmed that 203 the three clones isolated were each representative of one high affinity melatonin receptor 204 subtype (Fig. 4) , and were therefore tentatively named dlMT1 (EU378918), dlMT2 205 (EU378919), and dlMel1c (EU378920), respectively. 206 9 207
Expression of D. labrax melatonin receptors in different tissues 208
The cloning of the melatonin receptors allowed searching for the tissue specific 209 expression of each subtype. At the time of year investigated (February) the MT1 subtype 210 displayed the largest distribution. In nervous tissues, expression was evident in the optic 211 tectum and, to a lower extent, in the cerebellum, telencephalon and diencephalon (Fig. 5) ; 212 MT1 was also expressed in the retina. In peripheral tissues expression was detected in the 213 gills, and weak expression was seen in the muscles (Fig. 5) . In contrast to MT1, MT2 214 expression was strong in pituitary extracts; it was weak in retinal extracts and low (optic 215 tectum, diencephalon) or even absent (cerebellum) in extracts from the central nervous 216 system (Fig. 5) . No expression was detected in peripheral tissues except the liver and the 217 blood cells. Mel1c expression was only detected in extracts from the skin and traces were 218 also detected in retina (not shown). 219
220
In situ localization of MT1 and MT2 melatonin receptor expression in the retina 221
We investigated the localization of MT1 and MT2 expression in the retina, using in 222 situ hybridization. With the anti-sense probes, the MT1 hybridization signal was seen in all 223 photoreceptor cells of the outer nuclear layer (ONL); it seemed more intense at the level of 224 the outer limiting membrane (Fig. 6) . By their position in the inner nuclear layer (INL), the cell 225 bodies that express the MT1 could belong to either bipolar or amacrine or interstitial cells 226 (Fig. 6) . Most of the cell bodies in the ganglion cell layer (GCL) were also labeled. The 227 general pattern was maintained with the MT2 probes with, however, a lower intensity as 228 expected from the RT-PCR studies (Fig. 6 ). The differences in intensity were mainly seen in 229 the ONL and INL. In the later, the number of labeled cells was less than with the MT1 probe; 230 by their position in the INL, these MT2 expressing cells would correspond to amacrine cells. 231
In the albino fish the pattern was quite different than the one described above (Fig. 6) . Only 232 the cells of the pigment epithelium cells layer were intensely labeled with the MT1 probe. A 233 weaker labeling was seen in the ONL and GCL. In contrast, the pigment epithelium cells 234
were not labeled with the MT2 probe; MT2 expression was mainly observed in the 235 photoreceptor cells layer. No labeling was detected in the control sections treated with the 236 sense probes (Fig. 6) . Before going deeper into a discussion on the role melatonin plays in the different 300 organs where receptor expression has been detected, it is necessary to more precisely 301 identify the cell types that express these receptors. As a first step in this task, we focused 302 attention on the retina, which is an active site of melatonin synthesis (Iuvone et al. In conclusion, this study reports the cloning of 3 melatonin receptor subtypes in 363 seabass, adding to the very short list of melatonin receptors cloned to date in fish. We show 364 that these receptors already display the main features that characterize those found in 365 tetrapods. We were also able to provide information on the tissue specific distribution of each 366 subtype in the sea bass. The demonstration that receptors are present in structures such as 367 the pituitary, gills or blood cells opens interesting lines of investigations that have received 368 yet no or not enough attention. The results of our in situ hybridization studies in the retina 369 extend to fish information available from tetrapods only, and we bring anatomical support to 370 previous data involving melatonin in the control of various retinal processes. Interestingly, we 371
found that the retinal distribution of the MT1 receptor and melatonin synthesizing enzymes 372 mRNAs were very similar, highlighting the possibility that fish retinal melatonin is an 373 autocrine modulator of retinal function. Future studies will aim at more precisely identifying 374 the cell types that express the melatonin biosynthesis enzymes and receptors in the inner 375 retina. More generally, this study was a necessary step in our way to more precisely identify 376 the sites of expression of the different melatonin receptors in the fish brain, their regulation 377 and respective roles. 378 379 Acknowledgements. This work was supported by the CNRS, the UPMC, the IFREMER and 380 the MEC (grants #752887/00, #753447/00, #6432 and AGL2001-0593-C03-02). 381
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rattus
LGNLLVILSVYRNKKLRNAGNIFVVSLAVADLVVAIYPFPLALTSILNNGWNLGYLHCQV 105 phodopus
LGNLLVILSVYRNKKLRNAGNIFVVSLAIADLVVAIYPYPLVLTSIFNNGWNLGYLHCQI 105 ovis VGNLLVVLSVYRNKKLRNAGNVFVVSLAVADLLVAVYPYPLALASIVNNGWSLSSLHCQL 118 homo
LGNLLVILSVYRNKKLRNAGNIFVVSLAVADLVVAIYPYPLVLMSIFNNGWNLGYLHCQV 102 macaca
LGNLLVILSVYRNKKLRNAGNIFVVSLAVADLVVAVYPYPLVLTSIFNNGWNLGYLHCQI 104 canis
LGSLLVILSVYRNKKLRNAGNIFVVSLAVADLVVAVYPYPLVLTSIFNNGWNLGYLHCQI 119 siganus
LGNLLVIFSVYRNKKLRNAGNIFVVSLAVADLVVAIYPYPLVLSSIFHNGWNLGYVHCQI 102 gallus
LGNLLVILSVYRNKKLRNAGNIFVVSLAIADLVVAIYPYPLVLTSVFHNGWNLGYLHCQI 105 taeniopygia
LGNLLVILSVYRNKKLRNAGNVFVVSLAVADLIVAIYPYPLVLTSVFHNGWKLGYLHCQI 105 dicentrarchus
LGNLLVIFSVYRNKKLRNAGNIFVVSLAVADLVVAIYPYPLVLTSIFHNGWNLGYVHCQI 102 :*.***::********:*:**:******:***:**:**:**. Figure   Figure 2 . 
